Introduction
The plants represent an important source of natural products, besides therapeutic agents. Moreover, they also can be a potential source from a variety of chemical constituents which are biologically active [1] . For millennia, plants with medicinal objectives have been used, to improve health and to treat some diseases like cardiovascular disorders and infections [2] .
Products from medicinal plants are belonging to both, traditional and alternative medicine [3] . Currently, about 70% of people in the world rely on plants as therapeutic agents, either as botanical Objective: To evaluate the structural and chemical composition of plant and the antioxidant and antimicrobial activities promoted by hexanic, ethanolic and ethyl acetate fractions obtained from leaves of Conocarpus erectus. Methods: Organic fractions were characterized through UPLC-MS and GC-MS. Antioxidant potential was performed through DPPH and molybdenum phosphate techniques. Antibacterial and antifungal assays were performed in accordance with Clinical and Laboratory Standards Institute protocols. Results: The obtained biomass of Conocarpus erectus leaves showed the high presence of glucose (0.45 g/L), cellulose (28.69%), Na (55.126 µg/L) and K (31.163 µg/L). We identified seven compounds in the hexanic and ethyl acetate fractions, and eight compounds in ethanolic fraction. Moreover, phenolic compounds are prevalent in all organic fractions with values of (10.04 ± 0.24), (221.26 ± 1.84), (340.53 ± 0.84) mg/g GAE to hexanic, ethyl acetate and ethanolic fraction, respectively. Antioxidant results showed a high potential in ethyl acetate fraction (71.82 ± 6.87)% and (10.89 ± 0.05)% in DPPH and molybdenum phosphate techniques, respectively. The ethanolic fraction showed moderate bacteriostatic and bactericidal activity against Staphylococcus aureus and presented a high fungistatic potential for all Candida species tested. Conclusions: Organic fractions obtained from leaves of Conocarpus erectus present antimicrobial and antioxidant properties, and these findings contribute to scientific information for the effectiveness on use of this plant in the development of a phytotherapic compound. extracts (because plants are easily found, usually cheap and easy to prepare) or like isolated molecules, obtained in pharmaceutic industries [4] .
However, the investigation of chemical composition and bioactivity of these medicinal plants are essential requirements for their safe and effective use [5] . Phytochemical potential, mechanisms of action and synergistic effects of natural products have been evaluated, in different areas of knowledge, with the objective of validating the benefits of the use of these products [1, 6] .
Conocarpus erectus (C. erectus) L. (Combretaceae), is widely distributed on shorelines in tropical and subtropical regions of the earth, and is popularly known as button mangrove [7] . In the folk medicine, the leaves are eaten and decoctions from bark, leaves and fruits are used against many diseases as catarrh, conjunctivitis, gonorrhea, diarrhea, fever, orchitis and syphilis [7] [8] [9] .
Phenolic compounds are the major secondary metabolites of this species [10] . These molecules detected in different C. erectus extracts have been described to exhibit antioxidant, antibacterial, antifungal and antiviral activities, as well as act in the activation of the immune system [9, 11, 12] . Here, we investigated the structural and chemical composition of leaves of C. erectus, as well as, the phytochemical constituents, antioxidant and antimicrobial properties promoted by three organic fractions obtained from leaves of this plant. 
Materials and methods

Plant material
Chemical composition from leaves of C. erectus
The chemical composition of the leaves of C. erectus in terms of cellulose, hemicellulose, lignin, pectin, extractives and ash was obtained through the adaptation of a technique performed by Gouveia et al. [13] for analysis of sugarcane biomass. The adaptation of the method was done in relation to the extractive solvents used, to allow the extraction and fractionation of the pectic material, based on the methodology of extraction of pectic polysaccharides from Habibi et al. [14] . 
Investigation of total phenolic content
Folin-Ciocalteu method was used to measure total phenols content in accordance with Li et al. [16] with some changes. Folin solution (2 mL; 1:10 v/v) was added to 0.2 mL of the fractions diluted in water (1 mg/mL). After 4 min, the solution was added 1.6 mL of sodium carbonate (7.5%) with incubation for 120 min in the dark at room temperature. Absorbances of the samples were measured at 765 nm against a blank (reagent added to the sample solvent). A calibration curve was prepared by plotting the absorbance as a function of the gallic acid concentration (0-500 µg/mL) and then finding the linear equation (y = 0.004 8x + 0.001 6; R ² = 0.999 9). The assay was performed in five replicates and the phenols contents are expressed in gallic acid equivalent (mg/g GAE).
Investigation of flavonoid content
For determination of total flavonoids, 1.5 mL of the AlCl 3 in 2% of alcohol solution was added to 1.5 mL of the sample (0.5 mg/mL). After 1 h at room temperature, the absorbance was measured at 420 nm. A standard quercetin curve (0-0.5 mg/mL) was performed to obtain the equation (y = 0.023x + 0.150 9; R ² = 0.995 6). The assay was performed in five replicates and the flavonoid content is expressed as quercetin equivalent (mg/g QE).
2.8. Gas chromatography coupled to mass spectrometry (GC-MS) Interpretation of mass spectrum was conducted using the database of
Centro de Tecnologias Estratégicas do Nordeste (CETENE), Wiley
L-Built library and NIST computer MS library. 
Total antioxidant activity
The total antioxidant activity [18] was determined as a function of ascorbic acid, compound considered with 100% activity. A total of 300 µL of each sample and ascorbic acid (1 mg/mL) was added to 3 mL of the phosphomolybdenum solution (600 mM sulfuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate) and incubated in water at 95 曟 for 90 min. After returning to room temperature, the absorbances were measured at 695 nm against a blank (1 mL of phosphomolybdenum solution and 0.1 mL water).
The total antioxidant activity (TAA) is calculated by the formula TAA overnight agar medium at 36 曟 and, subsequently, the colonies were resuspended in sterile saline solution (0.15 M NaCl) and adjusted turbidimetrically at a wavelength of 600 nm (OD 600 ) to obtain suspension equivalent to 10 6 colony forming units (CFU) per mL.
For the assay, the organic extracts were filtered through a 13 mm 伊 0.22 µm sterile PVDF syringe filter.
Determination of minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC)
The MIC of the samples was evaluated by the microtiter test 2.12. Antibacterial assays
Preliminary assay
The plate-hole diffusion assay described by Shan et al. [19] , with changes, was used to determine the growth inhibition of bacteria by the Salmonella enteritidis (S. enteritidis) and Klebsiella pneumoniae (K.
pneumoniae). Nutrient medium (7 mL) was added to the Petri dishes, after refining, 25 mL of Mueller Hinton agar medium containing 106 cells of the strains were added, where four 6 mm diameter holes were formed with the aid of a mold forming the wells. The wells were filled with 20 µL of the fractions to be tested.
Determination of MIC and minimum bactericidal concentration (MBC)
Antimicrobial activity was determined by microdilution in plates of 96 wells, according to the methods prescribed by the Clinical and Laboratory Standards Institute [20] . Mueller Hinton broth was distributed in wells and fractions were added at concentrations ranging from 1 600 to 6.25 µg/mL. Then, 10 µL of standardized microbial inoculum, containing 1.5 伊10 6 CFU/mL of S. aureus; E. faecalis; E. coli; P. aeruginosa; S. flexneri; S. enteritidis and K.
pneumoniae, was added. Microplates were cultured at 37 曟 for 24 h.
Microplates were then stained with 0.01% resazurin and incubated for 1 to 4 h to observe color changes. The MBC was determined by establishing subculture wells on Petri dishes containing the Mueller Hinton agar and incubating at 37 曟 for 24 h. 
Results
Characterization of leaves biomass
Results obtained from the organic fractions of leaves of C. erectus 3.2.1. Extraction yield and phenolic compounds obtained in organic fractions
Analysis of extraction yield of three organic extracts of leaves of C. erectus showed high yield of ethanolic fraction (37.86% of dry weight) in relation to others. Moreover, this same fraction also showed higher phenolic compounds amounts (340.53 mg/g GAE) followed by ethyl acetate and hexanic fractions, respectively ( Table   1 ).
The phytochemical study identified important compounds in the hexanic, ethyl acetate and ethanolic fractions. These compounds were analyzed through mass spectrometry attached with UPLC-MS and GC-MS. The name, retention time, area, structure molecular and mass of the compounds of the hexanic, ethyl acetate and ethanolic fractions are shown in the Table 2 , 3 and 4 respectively, corresponding to the peaks identified in the chromatograms illustrated in Figure 1A -C. Table 4 UPLC-MS spectral analysis of ethanolic fraction of C. erectus leaves. 
Antioxidant profile promoted by organic fractions
The hexanic fraction exhibited no antioxidant activity measured by the stable radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) and exhibited low total antioxidant activity (2.55 ± 0.01)% in phosphomolybdenum technique. However, the ethanolic and ethyl acetate fractions presented good antioxidant activities as illustrated in Table 5 . 
Antimicrobial action promoted by organic fractions
The ethanolic fraction from C. erectus leaves showed high fungistatic potential for all Candida species tested, as shown in Table   6 . Hexanic and ethyl acetate fractions showed moderate inhibitory activity with MIC 50 = 0.5 mg/mL, for C. glabrata. However, no fungicidal activity was detected for the three fractions.
Regarding to antibacterial effect, the ethanolic fraction showed to be the most active presenting inhibition halos between 14.5 and 27.5 mm for the strains tested. In addition, this fraction has proven to have moderate bacteriostatic and bactericidal activity for the S.
aureus strain. E. faecalis, S. flexneri and S. enteritidis also showed sensitivity to ethanolic extract according to Table 7 . The ethyl acetate fraction presented significant inhibition halos, between 19 and 22 mm. However, it showed low bacteriostatic activity with MIC 50 > 1.6 mg/mL. P. aeruginosa strain presented resistance to both organic extracts. No antibacterial activity was detected to the hexanic fraction in the agar diffusion test, thus the microdilution assays were not performed for this fraction. 
Discussion
The leaves of C. erectus showed to be rich sources of insoluble dietary fiber, being constituted mainly by cellulose (28.69 ± 0.08)% and lignin (20.77 ± 1.07)%. In fact, lignins are present in a wide variety of foods being particularly abundant in cereal bran [21] .
Moreover, cellulose also has been applied in several industrial sectors, including the food, pharmaceutical, cosmetic and plastic industries [22] . Hemicellulosic polysaccharides (like glucose and xylose) also have been suggested as a potential functional food ingredient and are involved with modulation of colon microflora and stimulation of immunological cells [12] . High levels of metallic ions found in C. erectus also corroborates with functional food idea, because sodium and potassium are elements associated with biochemical processes such as organic hydroelectrolyte balance [23] .
Leaves from Avicennia schaueriana, Laguncularia racemosa and This variation in the concentrations of secondary metabolites identified in the extracts may have occurred due to extraction method, solvent used, type of plant samples and environmental factors [27] .
The GC-MS and UPLC-MS analysis reinforce these phytochemical findings and showe new compounds. In the hexanic fraction, we can identify alkenes and triterpenoids compounds (peak number 1-5 and 6-7, respectively). These classes of compounds are known for their anti-inflammatory, immunomodulatory, antimicrobial and virostatic actions [28] . In the ethyl acetate fraction, we identify a phenolic acid (peak number 1), flavonoids (peak numbers 2, 4 and 6) and terpenoids (peak numbers 3, 5 and 7). The ethanolic fraction was the fraction that showed more different compounds identified.
The classes of compounds were sesquiterpene alcohol, phenolic acid, terpenoid, flavonoid (peak numbers 1 to 4, respectively), flavones (peak numbers 5 and 7), diterpenoid (peak number 6) and polyphenol (peak number 8).
Numerous phenolic compounds have been studied for their biological properties and benefits to human health like antioxidant, antimicrobial, antiviral and anti-inflammatory [29] . These compounds act on the microbial cell altering the cellular permeability, damaging the cytoplasmic membrane and interfering with the energy generation system, finally leading to cell death [30] . Terpenoids represent a class of secondary metabolites and just like the plant polyphenols, have attracted interest of the researchers for their benefits to medicinal chemistry due to its pharmacological potential [31, 32] . Phenolic acids as well as the flavonoids also show antioxidant, antitumor and antimicrobial properties [29] .
Antioxidant results in this study showed that ethyl acetate and ethanolic fractions at 0.5 mg/mL concentration were able to sequester approximately 71% of the DPPH free radical, presenting a similar result showed by Raza et al. [25] , who evaluated the same ethanolic extract of C. erectus, but worked at 1 mg/mL concentration.
The total antioxidant activity detected by the phosphomolybdenum sectors [33] . The hexanic fraction was not able to sequester DPPH free radical but showed a half value in relation to BHT standard in the phosphomolybdenum method. This antioxidant profile of C. erectus is also related to the phenolic compounds present in the plant [34] .
According to Vieitez et al. [30] , extracts of plants can be classified, erectus. Abdel-Hameed et al. [10] showed that the methanol extract from leaves can form inhibition halos of (21.5 ± 0.31) mm for S.
aureus and Santos et al. [9] showed that the aqueous extract from leaves can form inhibition halos of 10 mm for multidrug resistant In conclusion, C. erectus can be used as a source of functional food, and shows antioxidant and antimicrobial properties, with consequent health benefits. These findings can contribute to the knowledge about the effectiveness of the plant use and in development of the future phytotherapic compound.
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